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THE PREVENTION AND TREATMENT OF
TYPHOID FEVER WITH ANTITYPHOID

VACCINE.*
BY F. F. RUSSELL, M.D., WASHINGTON, D. C.,

Major Medical Corps, U. S. Army.
To the student of medicine not engaged in the

treatment of individual cases of illness the great
field of preventive medicine offers many attractive
subjects, and in planning the prevention of disease
nothing appeals to the sanitarian, or even the
public at large, as does the conquest of typhoid
fever.
We have some notable instances in other

diseases, as in Malta fever, of the effect of pre-
ventive measures. This disease formerly neces-
sitated the invaliding of many men of the Eng-
lish navy from the Mediterranean to home sta-
tions. The milk of goats having been proved
through laboratory investigations to contain the
causus morbi, the use of such milk was discon-
tinued and the disease immediately ceased to
exist in the navy. Malaria and yellow fever also
promptly disappear following the application of
proper prophylactic measures. In these three
disorders the disease is shared in common by man
and an alternative host; under such conditions,
or whenever the responsibility for the survival of
the disease be divided, the application of pre-
ventive measures is apt to be crowned with
success. On the other hand, in diseases confined
exclusively to human beings, as typhoid and
pulmonary tuberculosis, the problem of pre-
vention is much more difficult. Here the chronic
carrier of the infection is a human being possessing
almost equal rights with the healthy; he cannot
be exterminated nor even confined to certain
precincts, consequently more intricate and de-
tailed measures must be found to prevent the
passage of the infecting agent from the carrier
to the well.
Typhoid spreads through such various channels

that the problem of prevention has been attacked
in as many ways, each of which may be suitable
under given conditions. Epidemiological studies
have shown a distinct difference between the
course of typhoid in rural and urban populations.
In cities the introduction of adequate sewerage
systems, together with pure water and improved
milk supplies, is usually followed by a reduction
in the typhoid rate; where this can be done the
disease ceases to be one of the greater problems.
But in rural districts, on the other hand, there is
little or no change from year to year in the methods
used for the disposal of human wastes, the pro-
tection and purification of water supplies or in
the control of infectious diseases; we find that
year in and year out the typhoid rate remains
high in rural communities.
In the military service we are confront ' '. '

both these conditions; our garrisoned posts cor-

respond to cities, while maneuver and mobiliza-
*Read at the meeting of the Boston Medical Library and the
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tion camps represent the country districts. The
typhoid rate among troops in garrison has fallen
year by year until it is now but about one half
that of the civil population of military age. Were
our troops always in garrison, the uSual sanitary
measures might afford adequate protection, but
in camps, on marches and in actual warfare the
conditions are radically changed. In the United
States we have no permanent camp sites provided
with sewer and water systems, each camp from
a sanitary point of view being but a raw and
crude rural community, liable to all the sanitary
ills of such social units; worse even than the
average village in some ways, since it is estab-
lished in a hurry with no thought of permanency,
on lines dictated by reasons of strategy rather
than those of convenience or health. The entire
population is housed under canvas; and tents
being heavy and bulky, only the number necessity
demands are carried on the wagon trains. This
produces some overcrowding and a degree of
personal contact between men which rarely
exists in civil life outside of railroad and mining
camps. The conditions are consequently most
favorable for the introduction and spread of any
infectious disease existing among the local popu-
lation. Our water supplies being well protected,
or the drinking water sterilized by boiling, very
little typhoid in the service is water borne. The
disease is introduced in other ways, sometimes,
no doubt, by chronic bacillus carriers, but more
often by incipient and mild cases among recruits
or from contact with cases among the civil popu-
lation already existing in the district. The
studies of small epidemics made in the last few
years point to the mild or walking case as the
chief source of danger, and though in the service
several thousand examinations have been made
of the stools and urine of typhoid convalescents,
no chronic bacillus carriers have been discovered.
This is in practical agreement with the experi-
ences of the Spanish War, when about one half
the cases were diagnosed malaria; at the present
time a provisional diagnosis of influenza is often
made, but as no disinfection or isolation is in-
stituted until typhoid is suspected, the interim
provides opportunity for the infection to spread
by contact. The cooks, assistants and mess hall
attendants being detailed by roster from the
entire company, sooner or later a mild case of
typhoid has access to the food supply, and under
such conditions experience teaches that many
cases may occur. In the Spanish War we had
no less than 20,738 cases with 1,580 deaths in
an army of 107,973, or approximately 1 case to
every 5 soldiers. The deaths from this cause
constituted 86% of the total mortality of the war.
In the Boer War the British had 31,000 cases with
5,877 deaths. In the Franco-Prussian War there
having been 73,396 cases and 8,739 deaths among
the Germans alone, typhoid is to be charged with
60% of the total mortality of that war. In the
'iNtuthern Army during the Civil War we know of
80,000 cases. Such experiences would indicate
that in campaign this disease is the greatest
enemy with which we havejto deal.
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This being the condition confronting us, it is
a serious question for us to decide which of the
available prophylactic measures is the most
suitable. The answer is, of course, self-evident,
and while we cannot afford to neglect any measure,
our chief dependence rests on immunizing each
individual, and the very fact that the usual pre-
cautions against typhoid are impossible of
execution enhances the value of vaccination.
Experience with vaccines in general and with

typhoid vaccine in particular has shown the
possibility of increasing the individual resistance
to infection. As far back as 1886 Simmons and
Frankell immunized small animals with living
cultures and Beumer and Piper1 immunized
mice. Chantemesse, Widal, Sanarellil and others
very early began investigations of typhoid
prophylaxis by immunization. Little or nothing
came of these experiments, largely because of the
impracticability of using living bacteria on men.
It was not until 1892 that Brieger, Kitasato and
Wassermann2 found that the use of living bacteria
was unnecessary and that a high degree of im-
munity could be produced by killed cultures.
In 1893 and 1894 Pfeiffer reported his investi-
gations on the nature of the immunity in typhoid
and cholera and elaborated a test for the presence
of protective bodies in the serum which has be-
come classic under the name of the Pfeiffer
phenomenon. Soon after, in 1896, owing to the
discovery of agglutinins by Grübler and Durham,
our knowledge of typhoid immunity advanced
rapidly. In the same year Pfeiffer and Kolle3
immunized two men against typhoid and made
complete and comprehensive studies of the blood
changes following inoculation with killed cultures.
Their work showed, according to present labora-
tory standards, the identity of the immunity
produced by vaccination and by an attack of the
fever, both agglutinins and bacteriolysins being
greatly increased. A few weeks before Pfeiffer
and Kolle's experiments became public, Sir A.
E. Wright,4 at that time connected with the
English Army, inoculated two men with killed
typhoid bacilli, but his studies were apparently
on the coagulability of the blood since no report
was made of the specific changes in the blood
serum. In the next year, 1897, he launched the
present antityphoid campaign in a publication
describing the inoculation of 18 persons. In 1898
he vaccinated 4,000 men of the British Indian
Army, and in 1900, on the outbreak of the Boer
War, the vaccination was carried out on troops
destined for South Africa. Wright furnished some
400,000 doses, and it is understood that 100,000
men were inoculated one or more times.
While the results were unquestionably good,

the incidence of the disease being diminished
approximately one half, and the mortality nearly
two thirds, they were not as satisfactory as had
been expected. The effects of the inoculations
in some organizations of the English Army in
South Africa were, however, quite unsatisfactory,
in a few instances it even seeming to do harm by
apparently increasing the susceptibility to in-
fection. This view being accepted by Wright5

and explained as a manifestation of a negative
phase in the progress of immunization, it, together
with some unfavorable reports, led to a cessation
of the work toward the end of the war.
The next extensive use of the measure was in

the German Colonial Army in South West Africa
during the Herero campaign from 1904 to 1907.6
The army, being composed of but 16,500 men, was
greatly handicapped by the spread of typhoid
among them. The matter was laid before Prof.
R. Koch, who advised prophylactic vaccination,
but as the measure was entirely voluntary, only
about one half the command, 7,287, accepted it.
The same degree of protection was obtained as
in the Boer War. This closes the first period in
the history of typhoid vaccination. The present
period began in 1904 with the work of Sir William
B. Leishman, of the Royal Army Medical Corps,
who published such remarkably good results in
the Corps Journal in 1907 that our attention was

again drawn to the matter.7 In the summer of
1908 the writer was permitted to visit the labora-
tory of Colonel Leishman and given every oppor-
tunity to study his methods and results. It
having already become apparent that some of the
poor results obtained in the early days, being due
to avoidable causes, it was now possible to prepare
a much more efficient vaccine. Colonel Leishman 8

has recently stated his belief that much of the
vaccine of earlier days was inert because of over-
heating during its preparation and that with
proper care it is possible to produce a uniformly
good and potent vaccine.
In the fall of 1908 we fitted up a special labora-

tory at the Army Medical School in Washington
for the preparation of vaccine on a large scale,
and in February of 1909 began the vaccination
of all applicants. At first volunteers were obtained
with difficulty and it was only through the loyalty
of the medical officers in town, who came bringing
their wives, children and servants, that we suc-
ceeded in arousing interest. In this way about
150 persons were vaccinated, almost all of whom
became active missionaries in the cause. By the
end of 1909 we had given 5,106 doses to 1,987
persons; of these 77% received three doses, 17%
two doses and only 6% failed to take more than
one. During the present year, 1910, we have given
up to Dec. 1, 1910, 39,000 doses to 14,286 persons,
and although the vaccine has been administered
by several hundred physicians located in many
different places, no untoward results have been
reported from the entire series.
The immediate effect of the vaccination is to

produce both a local and general reaction. The
local reaction is subject to much less variation
than the general. The sensation arising from the
injection is no more uncomfortable than from any
other hypodermic injection as the suspension is
made in normal salt solution and the quantity is
quite small. The site of inoculation is the upper
arm at the insertion of the deltoid, and after four
to five hours it becomes red, swollen and tender.
The area involved is often as large as the palm
of the hand; occasionally the axillary glands are

enlarged and tender on the day following. After
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forty-eight to seventy-two hours the inflammatory
symptoms begin to subside, soon disappearing
completely.
The general reaction is not nearly so uniform

in its manifestations; occasionally it begins in
thirty minutes to an hour after inoculation, al-
though in the great majority of instances no
symptoms appear until after five or six hours.
The principal symptoms are headache and malaise,
and although they may be extremely mild, they
are rarely absent. The average reaction gives
rise to symptoms not unlike those felt during the
first few hours of an acute cold. In order that we
may know the immediate effects, all general
reactions have been recorded and grouped in four
classes; the first group comprises those cases in
which the general reaction was absent; the other
groups are called mild, moderate and severe. All
men vaccinated are directed to report to the
surgeon if unable to attend to the usual duties,
and when so reporting the temperatures are
taken, and recorded. If the temperature is 103

or over the reaction is classed as severe; if
between lOO^and 103, moderate; if above nor-
mal and below 100, as mild; if no temperature
is noted the reaction is considered absent unless
the man complains of headache and malaise,
when it is classed as mild. A classification
based on temperature is not altogether satis-
factory, but for obvious reasons it is all that is
possible.
The results to date have been tabulated and

are given below.
There is no discomfort aside from a tender arm

when the general reaction is absent, and in the
mild cases the symptoms are not particularly
unpleasant and these two groups constitute about
95% of all reactions recorded. The moderate
and severe reactions together make up the other
5%, and very few of them are really troublesome.
The response has occasionally been so severe,
exhibiting not only a high temperature, but also
chills, vomiting, diarrhea and herpes, as to cause
some alarm when seen for the first time, but even
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in these cases the symptoms last but from twenty-
four to thirty-six hours and leave no trace with
the exception of a few pounds lost in weight.
Very few individuals have refused to continue
with the immunization because of the discomfort;
changes of station,

•

discharge from the service,
desertion, etc., are the principal causes for the
failure to receive all three doses. We have taken
especial pains to secure full reports of all severe
reactions, as it was realized that if many occurred
it would be increasingly difficult to induce men to
volunteer, and for this reason it is gratifying to
find so few have been reported. We do not now
know the reasons for severe responses nor when
to expect them; the fact that a man has already
had typhoid seems to increase the chance of
having a severe reaction, and in 124 such cases
the records show a distinctly higher percentage
of marked reactions.

It is well known that there is great variation
in the severity of the fever in different epidemics
and even among individuals in the same epidemic,
and the explanation usually given for the in-
dividual variation is personal susceptibility; in
default of any better explanation it is reasonable
to believe that persons who show great suscepti-
bility to the vaccine are those who would present
the 'least resistance to the disease if naturally
infected. We know that some laboratory animals
may present greater or less resistance to infection
than the average, and that some persons receive
less protection than others from vaccination
against smallpox and may develop a mild form
of the disease after exposure. Personal idiosyn-

crasy is a condition so generally recognized that
we are not surprised to encounter it in this
connection.
The late results of vaccination are shown in the

accompanying charts. Agglutinins begin to
appear on the fifth to eighth day, and increase
rapidly. The Widal reaction is often present in
dilutions of 1-5000 and occasionally the serum
develops a titer of 1-10000 or even 1-20000. Only
rarely does it fail to exceed 1 in 5 or 600. The
rise in opsonins follows quickly and their increase
is just as striking as the development of agglu-
tinins. We have not used the opsonic index of
Wright as we have found the dilution method of
Neufelt both satisfactory and simple. The serum
is diluted as for agglutination, and to measured
quantities of each serum dilution is added a
couple of drops of bacterial emulsion. The mix-
ture is incubated for an hour at 37° C. when two

drops of a suspension of guinea-pig leucocytes
obtained by aleuronat injection are added to
each tube. The mixture is again incubated for
an hour, when smears are made from the sedi-
ment in each tube, salt solution controls being
made at the beginning and end of each set of tests.
The phagocytic titer of the serum is ascertained
by determining the highest dilution in which the
degree of phagocytosis exceeds that of the control
preparations. Perfectly uniform and consistent
results have been obtained by this method. The
phagocytic titer is never as high nor does it remain
up as long as the agglutinative, but it is alwayswell
marked and quite constant. It usually rises to
one or two thousand, but occasionally goes to
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five or even six thousand; it drops at first rapidly
and then more slowly, but may still exceed the
normal after the lapse of a year.
Bacteriolytic tests have been made from time

to time, but no entirely satisfactory method has
been found which will give consistent results
over a long period. A mere statement of the
bacteriolytic titer of a serum has, in our experi-
ence, very little value, since it depends almost as
much on the culture used for the test as on the
serum to be tested.
If the usual complement fixation test is used it

can be shown that the serum after vaccination
contains an antibody which will anchor comple-
ment just as after typhoid itself.
Among the 14,000 persons vaccinated there have

been reported to date 6 cases of typhoid with no
deaths, while among the remainder of the army
during the same len fch of time there have been
418 cases with 32 deaths. The rate per thousand
among the vaccinated is approximately 0.4,
while among the unvaccinated it is six or fifteen
times as high. Only one sixth of the force has
been immunized; had the entire army been
vaccinated, the same rate of incidence would
have given only 36 cases rather than 418.
In only one of the six cases was the diagnosis

confirmed by laboratory methods; Widal re-
actions were obtained in all cases, but after
vaccination this test is of no value and in the
absence of blood cultures there is a reasonable
doubt as to the correctness of the diagnosis. Two
of the cases were so mild that it is improbable that
they were actually typhoid fever.
In only one case did the fever occur soon after

vaccination and in this instance the infection was

probably acquired between the first and second
doses; when the time came for the third dose the
man was sick in hospital. This might be regarded
as an instance of increased susceptibility, but as
the man crossed the continent during the interval,
the infection was probably a coincidence. None
of the nine others vaccinated at the same time
contracted the disease, while one other case
developed among the unvaccinated men of the
same regiment.
Aside from this no cases bearing on the negative

phase have been reported. The fear of a dangerous
negative phase being so widespread has deterred
our medical officers from vaccinating in the
presence of an epidemic.

Cullinan's 9 experience at the Richmond Asylum
in Dublin is proof conclusive of the wisdom of
vaccinating during an epidemic. He inoculated
over 500 persons during an epidemic lasting five
months, and among these only 1.36% contracted
the disease, and almost all of these were in the
incubation stage at the time of vaccination, while
14.9% of 114 uninoculated nurses were attacked.
The concensus of opinion at the last International
Congress for Hygiene (1907) was against the ac-

ceptance of the idea, nor has recent experience
in England supported it. It is possible that with
the large doses originally used there may have
been some danger which with the present dosage
no longer exists.
The vaccine at present in use in England and

this country has given excellent results, but it
no doubt admits of improvement. Colonel
Leishman's8 principal modifications have been
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the reduction of the temperature used in killing
the cultures from 60° to 53° and the addition of
the lysol only after the vaccine has been cooled.
It is not surprising that it has occurred to others
to omit heat altogether since the antiseptic is
in itself able to effect complete sterilization.
Semple and Matson used 0.5% phenol, believing
that heat diminishes both the immunizing and
the keeping properties of the vaccine. A phenol-
ized vaccine prepared by them without the use
of heat was still potent after two years.
In December, 1909, we sterilized a series of

vaccines by the addition of phenol, tricresol,
formalin, antiformin, absolute alcohol and hydro-
chloric acid, and in March, 1910, inoculated a
number of rabbits.10
Neither the antiformin nor the hydrochloric

acid vaccine gave high agglutinations; the phenol,
tricresol and the heated vaccine were all good and
did not differ radically from one another. The
formalized vaccine gave the highest agglutination.

Agglutinins.
March 23, 1910. April 6, 1910.
A (Phenol), 1-2500 1-5000
B (Tricresol), 1-5000 1-2500
C (Formalin), 1-10000 1-20000
D (Antiformin), 1-160 1-1280
F (Hcl), 1-2500

-No. 20 (Regular), 1-2500 1-5000

Its superiority is also shown in bacteriolytic
tests.

Bacteriolytic Tests.
March 24. April 1.

A (Phenol), 1 in 1,280 1 in 640
B (Tricresol), 1 in 640 1 in 640
C (Formalin), 1 in 10,000 1 in 40,000 (higher not

made)
D (Antiformin), 1 in 40 1 in 160
F (Hcl), 1 in 20 1 in 640
No. 20 (Regular), 1 in 640 1 in 1,280
A second experiment was arranged to compare a

formalized vaccine six months old, a fresh regular
vaccine and a living culture. The results are
shown in the following table.

Agglutinins.
Formalized Regular

Living culture. vaccine. vaccine 32.
July 5, 1910, 1 in 1,280 1 in 1,280 1 in 320
July 13, 1010, 1 in 5.000 1 in 10,000 1 in 5,000July 21, 1910, 1 in 10,000 1 in 10,000 1 in 10,000Aug. 6, 1910, 1 in 2,500 1 in 5,000 1 in 5,000
In this experiment the formalized vaccine

made rather the best showing and both vaccines
proved equal if not superior to living cultures.
Phagocytic determinations point to the same
conclusions.

Phagocytosis.
Formalized RegularLiving culture. vaccine. vaccine 32.

July 5, 1910, 1 in 100 1 in 100 1 in 100
July 13, 1910, 1 in 500 1 in 500 1 in 500
July 21, 1910, 1 in 500 1 in 1,000 1 in 1,000Aug. 6, 1910, 1 in 500 1 in 1,000 1 in 1,000
We may then conclude that a new formalized

vaccine is the most effective and that one six
months old is equal in power to a regular vaccineof two months.

Our tests of formalized vaccine are still in prog-
ress, but from present indications, although
there is some deterioration with age, it seems to
give greater protection than any other.
A recent experience illustrates strikingly the

efficacy of vaccination.11 On June 14, ten days
prior to leaving Washington for Gettysburg
maneuvers, 92 members of Company A, First
Battalion of Engineers, received the first anti-
typhoid vaccination. On July 2, 52 of the above
men received the second vaccination, and July
16, 51 of these received the third. Of the remain-
ing 26 men of the command, a few refused vacci-
nation and others were temporarily absent or
on detached service when the first inoculation
was given.
" Two of the 26 uninoculated men gave a history

of having had typhoid fever, and by virtue of
that fact may be considered immune. This
leaves 24 of the total strength of 118 who had not
acquired an immunity to typhoid fever by either
preventive inoculation or a previous attack of
the disease.
" On Aug. 11, five days after the troops re-

turned from Gettysburg, 2 of the uninoculated
developed typhoid fever, and, between Aug. 20
and 23, 4 secondary cases occurred, also among the
uninoculated. No cases occurred among those
who had received the preventive inoculations,
while 25% of the non-immune, living under
exactly the same conditions, succumbed to the
infection."
In civil life there are many occasions on which

antityphoid vaccine may be used with advantage,
as in hospitals receiving typhoid cases. This has
already been done by Richardson and Spooner,
in this city, and a beginning has recently [been
made in one hospital in New York. It is certainly
worth while to vaccinate the entire personnel of
a hospital if by that means one or two cases of
typhoid may be prevented each year.
It may also be used to advantage in industrial

villages, mining and railway camps, insane
asylums and other public institutions, and in
schools and colleges. A most •fruitful field is
among children and young people, who may be
immunized before they go to the country for the
summer vacation. In our experience the reactions
among children are much less marked than among
adults, and often, especially among the younger
ones, there is no inconvenk ace whatever.
I wish to add a few words on the subject of the

treatment of typhoid fever by vaccine.
.

Capt. A. B. Smallman 12 reports 36 cases treated
in India with 3 deaths, giving a death-rate of
8.3%, which is much lower than the usual rate.
Of the 3 deaths, 2 occurred in fulminating cases
about a week after admission and after the ad-
ministration of only one dose of vaccine. Doses
of 300 to 400 million bacteria were used on every
third or fourth day.
Dr. Semple1S reports 11 cases. Nine were

treated with vaccine, but 2 refused to have it
administered; of these 2 cases, 1 ended fatally.
All of the 9 vaccinated cases recovered. He be-
lieves the method to be free from all risk, easy to
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carry out, producing no apparent disturbance in
the patient's condition or interfering with any
other treatment deemed advisable. His charts
show a well-marked increase in the antibodies
of the blood after vaccination.

Nichols,14 in 1909, reported 11 cases. There
were no deaths, and the cases were of average
severity. One had mild delirium, one intestinal
hemorrhage and relapse, one relapse and two
were prolonged to thirty-one and thirty-three
days. He considered the results inconclusive;
they show, however, that the vaccine even in
large doses produces no bad effect. Relapses
were not prevented, but to what extent the
favorable course in most of the cases was effected
by the inoculations is undetermined. At the
same meeting Behrend reported 12 cases; Rams-
burg, Ruffin and French, one case each. A total
of 26 cases with no deaths are reported in this
article and the discussion.
Watters and Eaton w report 30 cases with 2

deaths. One was, however, beyond help when the
treatment was begun. The same authors report
4 additional cases without any deaths in a later
communication. Their experience leads them to
remark that " it might be of further interest to
note that during the year 1908, out of 77 cases of
typhoid fever in the hospital, 31 were treated by
vaccines, the remainder receiving only the regular
routine treatment of dietetic, hygenic, hydro-
therapeutic and drug measures here in vogue.
No selection of patients was made, all coming into
certain services, being taken whether mildly or

severely ill. As a result, in no case was any one
observed to be injured by the vaccine, while the
mortality among those thus treated was 3.2%
as compared with a death-rate of 11.1% in those
not receiving it. About 75% of the cases were
favorably influenced."
Capt. H. T. Wilson,16 R. A. M. C, reports 6

cases with no deaths. In this series the disease
appears to have been shortened and the longest
duration of the fever was seventeen days. He
used large doses, 250 to 1,000 million bacteria.
One case had three and the other two doses.
Hollis n reports 11 cases with no deaths. He

used doses ranging from 1 to 300 million every
second or third day; aside from this the patients,
who were not selected cases, received no other
treatment. During the same season 25 cases
were treated with the customary hydrotherapeutic
measures and 4 deaths occurred. Hollis notes that
the agglutinins were uniformly increased by the
vaccine. Relapses were more frequent, 30% as
compared with 10% in the unvaccinated. In a
few cases the febrile course seemed shortened, but
the temperature was equally high in both series,
and hemorrhages occurred with the same fre-
quency. On the other hand, headache, gastro-
intestinal symptoms and toxemia were less fre-
quent and convalescence more rapid.
He predicts a brilliant future for vaccine

treatment.
The total number of cases here collected is 118,

with 5 deaths, giving a mortality of 4.23%, which
is distinctly lower than has been obtained with

any other treatment. This collection of cases is
altogether too small from which to draw con-
clusions, but the treatment has made a favorable
impression on nearly all using it.
Pascarolo and Quadrone have treated 20 cases

with a living attenuated typhoid bacillus. The
cases were selected as being exceptionally severe
and the results were satisfactory.
Is there any theoretical basis for the use of

vaccines in typhoid? The question is frequently
asked and as often answered in the negative.
Theobald Smith 1S has stated the problem con-

cisely in the following words: " The presence of
virulent living bacteria makes it seem absurd to
add dead ones. Why is not the former stimulus
enough? Theoretically no advantage can be
expected from adding more toxins."

Cases do improve, however, under vaccine
treatment and there must be a difference between
the stimulus exerted by living virulent organisms
and dead vaccines.
The first difference is in the use of dead bacteria;

the dose can be controlled and there is no cumu-
lative effect. The second difference is in the use
of the subcutaneous connective tissue in inocula-
tions. Typhoid is largely a disease of the lymphoid
tissues, which is the place of least resistance in the
body. This is equivalent to saying that the lym-
phoid tissue is the least able of any to form
destructive antibodies. The connective tissue, on
the contrary, has the power of forming them in
great quantities, and they are rapidly carried to all
parts of the body by the blood stream. It would
seem possible to reinforce the immunity reaction
by bringing into the struggle tissues not ordinarily
involved.
Another difference is in the strain of the

organism used,
—

an old avirulent culture. In
other words, in using vaccines in the treatment
of typhoid we need not necessarily inject
additional toxins. Our cultures have largely lost
the power to produce toxins. We are injecting
antigen, which in this case seems to be different
from the toxin, and it is capable of stimulating
the immunity reaction in the body of a patient
without at the same time overwhelming him
with poison.

Vaccines cannot be expected to stimulate a

patient already profoundly toxic, nor will they
improve complicating conditions due to secondary
invaders, but in pure typhoid it is not illogical
to expect them to benefit.
The following conclusions seem to be justified.
Typhoid has invariably appeared in armies in

the past and may be expected in the future.
The usual prophylactic measures are only

partially available in camps.
Vaccination is simple and harmless and wher-

ever used has reduced the incidence and mortality
of typhoid.
The immunization of every individual in the

army is perfectly feasible, and it offers the greatest
hope of freedom from this plague in the future.
Antityphoid vaccination has long since passed

the experimental stage. Since 1904, 60,000 men
have been vaccinated in India, over 7,000 in
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South West Africa, and over 14,000 in the United
States and in no case has any harm followed its
administration. The time has come when its use
should be extended, not merely in the military
services, but also among the civil population.
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ANTITYPHOID INOCULATION AS INTRO-
DUCED INTO CERTAIN TRAINING SCHOOLS
FOR NURSES IN MASSACHUSETTS.*

BY MARK WYMAN RICHARDSON, M.D.,

Secretary of the State Board of Health of Massachusetts;
AND

LESLEY H. SPOONER, M.D., BOSTON.

The subject of typhoid fever at the Massachu-
setts General Hospital, with especial relation to
its bacteriology and its immunity, had been the
chief study of one of the writers (M. W. R.) for
twelve years when, in 1909, it was decided to
make a beginning at least with an investigation
of specific antityphoid inoculation as a method of
prophylaxis against the disease.
Experiments with specific sera, filtrates, residues

and vaccines had not led to any very remarkable
results in the treatment of the declared disease,
although the use of these products for the possible
prevention of relapses and recrudescences had
given results of a distinctly encouraging character.
There seemed, however, good reason to believe,
especially through the observations of Wright
upon the British troops, that in prophylaxis,
specific inoculation might have a field peculiarly
successful. The unusual incidence of the disease
among nurses had also been noted.
Joslin and Overlander l had found that " during

the years 1902-1906 inclusive, twenty-six nurses
contracted typhoid fever while working in six
hospitals. The average number of nurses em-

ployed each year in these hospitals was 322 and
the total number of cases under their charge,
2,988. In other words, for each 114 cases of
typhoid fever treated, one nurse came down with
the disease. The typhoid morbidity rate for the
*Read at the meeting of the Boston Medical Library and the Suffolk

District Medical Society, Dec. 7, 1910.
1 Boston Med. andj^Subg. Joub., vol. clvii, p. 247, Sept. 26, 1907.

nurses in these same hospitals was 161 per 10,000
living instead of 20 per 10,000 living, which is
approximately the typhoid morbidity rate for
the whole population of the state."

As a result these investigators concluded that
" the hospital nurse in Massachusetts is about
eight times as liable to contract typhoid fever
as the ordinary citizen."
Dr. Spooner2 also, at my suggestion, looked

up the cases at the Massachusetts General
Hospital and found that, for the ten years previous
to 1909, anywhere from two to six of the nurses
had come down annually with typhoid fever.
In view of these facts it was natural, therefore,

that, in inaugurating the use of speciflc inocula-
tion, appeal should be made first to the members
of training schools for nurses. A start was made
at the Massachusetts General Hospital in 1909.
The nurses were called together and the situation
was placed before them in brief. A call for volun-
teers was then made and met with unexpected
success. The work thus begun at the Massachu-
setts General Hospital has been continued along
similar lines at nine other institutions. The
inoculating has been done generally by locally
interested physicians under the direction of one
of us (L. H. S.). Indeed, the interest and co-

operation of the hospital authorities and local
physicians has been most hearty and it gives us

great pleasure publicly to acknowledge this fact,
for without this co-operation no progress could
have been made. The following table shows the
institutions which have adopted the procedure
and the number of individuals inoculated:

Hospital. Inoculator. No. of Cases.
Massachusetts General Hos-
tal. (L. H. S.) 153

State Infirmary at Tewksbury. H. R. Cohurn, M.D. 56
Waltham Hospital. R. E. Wilson, M.D. 32
Salem Hospital. A. N. Sargent, M.D. 24
New England Hospital for
Women. M. E. Morse, M.D. 12

Children's Hospital. W. P. Lucas, M.D. 10
Boston State Hospital. M. M. Canavan, M.D. 40
Danvers State Hospital. H. M. Adler, M.D. 10
Brockton Hospital. A. L. Beals, M.D. 17
Worcester Memorial Hospital. E. B. Bigelow, M.D. 19
Miscellaneous cases. (L. H. S.) 32

405

As regards the preparation of the vaccines, the
following points are of interest :
The culture used has been an old stock culture,

and one utilized for a number of years in the
laboratory for the making of Widal reactions.
The organisms are grown on agar, suspended in
salt solution, heated to 53° C. for one hour, and
counted with the use of a Zeiss blood platelet
counter. Lysol, i of 1%, is added to prevent the
growth of any accidental contaminating organ-
isms. The inoculations are given on the outer
surface of the left upper arm at the insertion of
the deltoid muscle.
The number of inoculations given has been four,

at five-day intervals. In the beginning the initial
dose was placed at 50 millions and increased
gradually up to a maximum of 200 millions. In

2 Am. Jour. Pub. Hyg-, vol. xix, no. 4, August, 1909.
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